IN the normal adult the urinary bladder is so well under the control of the cerebral cortex that the act of micturition does not require any great mental effort. The much more prolonged act of holding urine could almost be stated to be autoinatic. This apparent simplicity is misleading. We know that many factors, efferent and afferent, local and distant, come into play in normal bladder control. It is not achieved until many months after birth and in some people it is never achieved at all or only after an unhappy childhood and adolescence. As well as this, due to disease or injury, many people lose the ability to pass or to hold their urine normally.
At the Belfast City Hospital, the Ulster Hospital for Children and Women, and in the Anatomy Department of Queen's University an investigation has been in progress since 1954 in an attempt to learn more about the various factors that might come into play in normal and abnormal bladder control. Although the problem has been attacked simultaneously from the clinical and the experimental aspect, this discussion confines itself to some of the preliminary results of the experimental work. This has been concerned partly with observing the mechanical effects of certain manipulations on unfixed post-mortem bladders, and partly with the results of attempts to copy these manipulations on living subjects both normal and with incontinence of urine.
MECHANICAL STUDIES ON POST-MORFrEM BLADDERS.
Up to the present 350 of these bladders have been examined. The bladder is removed during routine autopsy. In the male the bladder is removed in such a wvav as to include the prostate and a varying amount of the urethra distal to it.
In the female all the urethra is included in the specimen with a varving amount of the anterior vaginal wall. By the very great kindness of pathologists at the Royal Victoria Hospital and the Belfast City Hospital, the author has been permitted to remove a number himself and in these cases the usual procedure has been to remove the bladder along with all the pelvic floor muscles. During these procedures the tremendous mobility of the middle and posterior parts of this region became apparent as did the relative fixity of the anterior or pubic element.
In each case the bladder is dissected clear of extraneous tissues, the fundus is opened and the bladder outlet is inispected from above. Water is then poured into the bladder to note the appearance of the outlet as the water escapes. A circular perspex window 3" in diameter is then firmly sutured into the fundus to produce a watertight joint. The window contains an opening which allows water to be poured rapidly into the bladder from a reservoir which can be raised or lowered as required. Another opening transmits a tube which can be attached to a manometer. A small electric bulb faces into the bladder from the inner surface of the window. This bulb can be overloaded for short periods for the purpose of photography.
The bladder with its perspex window is then claimiped firmly into a special machine in the form of an upright stand. Above the bladder is a movable arm wlhich can hold a camera or cine camera. Below the bladder and in the region of its neck is a clamp containing sharp needles pointing inwards so that when the clamp is tightened the needles transfix the outer coats of the bladder neck, and, when it is somnewhat loosened again after this manipulation, the neck is supported without being squeezed, and can be raised or lowered as required by a fine adj ustment which attaches the clamp to the upright stand. During this raising and lowering it is possible to see and photograph and cine-photograph the bladder outlet under measured internal volumes and pressures of water, and at the same time to observe the effects of these manipulations oni the water-holding ability of the bladder.
OBSERVATI (5) The actual amount of lift required before this closure and stoppage of flow occurs varies a great deal and seems to depend on the original diameter of the outlet, but in each case there is a sharp "end-point" of about half a centimeter between a good flow with the outlet still very slightly open and complete cessation of the flow with the outlet closed. (6) Lateral X-rays using radio-opaque fluid in the bladder instead of water show that when the neck is raised alone the contrast medium remains entirely in the bladder. When the neck is squeezed alone the medium comes down as far as the point of squeezing. 177
All these effects are passive ones produced bv simple bunching or stretching of the tissues of the bladder nieck. They are the results that would be expected from any vessel of that particular shape and consistency when treated in such a way and in fact can be imitated to some extent, usinlg rubber balloons instead bladders. What is remarkable is the extreme ease with which lifting the bladder neck stops the flow compared with squeezing the neck alone. This was considered sufficientlv striking to warrant an attenmpt at imitatitng the movement and the raised positionl in the living subject.
CLINICAL EXPER IMENTS.
The first attempt at producing this liftinig movement oIn the living subject was on a young woman during the course of an operation for bed-wetting and diurnal urge incontinence associated with a wide bladder neck anomaly. A specially designed periscope of about 2" diameter was sutured into the fundus of the bladder. This allowed a view of the bladder outlet under varying internal pressures of fluid. Before the periscope was inserted the outlet appeared closed but was very lax to the examining finger. When the periscope was inserted a few nml. of water was sufficient to show the bladder outlet dilating and with 10 mnl. water pressure the outlet was widely dilated and it was possible to obtain photographs of this outlet.
An attenmpt was then made to raise the bladder outlet fronm below by pressing upwards in the region of the anterior vaginal wall. It was very difficult to produce any upward movement by this means, but on pressing upwards in the region of the anus and perineal body and in the ischio-rectal region a definite upward movement occurred and the bladder outlet closed. Unfortunately, it was not possible to photograph the closed bladder neck during this procedure, but it gave the clue to the nmost efficient way of raising the pelvic floor and the bladder outlet with the minimum amount of squeezing of the urethra below the outlet region.
On trying the effect of this upward pressure on normal people during the act of micturition it was found that if firnm pressure was exerted in the perineal region behind the bulbar urethra in the male, and behind the vagina and the perineal body in the ischio-rectal region in the female, the flow could be stopped nmuch more easily thani bv squeezing the urethra during the act of micturition.
As well as this the act of micturition could not be initiated under these conditions.
A micturating cvsto-urethrogram was then carried out on a male patient with the flow of urine stopped by squeezing the u.rethra, and then stopped by raising the perineum. on the abdominal wall (Fig. 3) . Fitting into the perineum, and pulled upwgards towards the belt in front and behind by firm straps and buckles, is a sheet of fairly firm plastic material of about 6"-7" in length and 1" in width in front, graduallyincreasing to 3" just belhind the anus. Projecting upwvards from the plastic sheet is an inflatable rubber balloon with a loose covering of chamois leather. Leading froin the balloon is a rubber tube attached to a rubber syringe so that the balloon can be inflated and deflated at will. A mercury or water manometer is sometimes incl-uded in the sN-stem to nmeasure the pressures in the balloon under different conditions. It is considered that it may be possible later to replace the rubber balloon with sponge rubber of a proper shape and firmness. This appliance was then tested on a number of normal subjects and it was found possible to prevent the act of micturition. It was also quite easy to stop it at any stage by inflating the balloon. Several-females noticed that for as much as half an hour after the belt was removed it was difficult to micturate and one fenale had some degree of frequency of micturition for twelve hours following a prolonged test with the appliance.
A number of patients with incontinence of urine or enuresis due to a variety of causes were then subjected to a series of experiments in the operating theatre and the following observations were made.
(1) Using the appliance in each of these patients, male or female, it was possible to prevent micturition occurring and to stop it at any stage by inflating the balloon.
( CLINICAL TRIALS. An extensive clinical trial has now been started, using the appliance as a method of controlling incontinence of urine due to a variety of causes. This trial is not yet sufficiently advanced to report as a series of cases classified according to percentage success in each type of incontinence and it is considered more useful at the present stage of the investigation to report isolated cases from certain of the main groups of incontinence.
-Case 1.-Before the special appliance was designed a male patient was referred from a medical ward in the Belfast City Hospital. He was 55 years old and had been incontinent of urine since remnoval of his prostate seven years before. He was a severe epileptic and of rather low mentality. Each night he wet the bed and by day, although he had the mentality to attempt to get to a urinal, he seldom got there in time as the urge to micturate came suddenly and uncontrollably. A belt was applied and a firm pad of cotton wool placed in the perineum and held in position rather inefficiently with straps slung to the belt. When he wore this appliance he kept dry by night, and during the day the urge to micturate was much less powerful and he was able to empty his bladder when he wished by loosening the straps applied to the belt. He was then transferred back to the medical ward, where he began to complain of the appliance hurting him, and after a few days he suddenly refused to wear it. He was discharged home as a "failed belt," with the proviso that the belt might have worked if he had had the mentality to use it. Three months later he was sent for again as the belt had been improved in design in the interval, and it was thought that he might consent to wear the new type of belt. He arrived at the ward wearing the old belt which he had purloined when he was discharged, and stated that as long as he wore the belt he kept dry. He was not believed and was admitted to the ward, when it was soon obvious that he was quite truthful, and during the week that he was kept in he was always dry unless the belt was taken away from him, when he immediately became as wet as ever.
Cases 2 and 3.-A colleague very kindly referred two gynacological patients with diurnal enuresis and they were fitted with belts. Both had had several repair operations with no relief of symptoms. There was some degree of stress incontinence in each case in that laughing caused a slight leakage, but the main complaint was that they were constantly becoming wet when walking about doing their normal tasks and that there was nocturnal frequency. These were intelligent women and they had no difficulty in wearing the belts. They were also extremely co-operative and were able to adjust the perineal pressure to the point where micturition became impossible. In each case the diurnal incontinence was completeley relieved and the nocturnal frequency was cured in one and markedly improved in the other.
Cases 4 to 7.-Four males, aged 18 to 20, with nocturnal enuresis were then treated successfully with the belt, and three of these volunteered the information that, when the balloon in the perineal region was blown up, they lost the desire to micturate, and when the pressure fell the desire to micturate came back suddenly.
Cases 8 to 11.-Of several hundred enuretic children only four have as yet been treated, two bovs and two girls aged 9-11. The boys were both relieved at once, but one of the girls who had a low bladder capacity was not relieved. No concentrated trial has yet been attempted on the young children as suitable belts are in short supply. 182 enuretic till the age of 15. At that age he stopped wNretting the bed or wvetting hinmself bv dav, but the enuresis was replaced by gross frequency of micturition. He had to pass urine five to six times each night and could seldom hold it for more than half an hour by day. The belt was applied at the height of his urgency and as soon as it was on he stated that he no longer felt any desire to pass urine, and in fact he delayed passing it for three hours. As soon as he took it off an intolerable desire to micturate occurred. It was decided to attempt to replace the effect of the belt by improving his own perineal muscles by electrical stimulation and exercises. He was started on this treatment after he had been wearing the belt for ten days. After a few days he noticed much less urgency when he removed the belt and with a further week of treatment he was able to dispense with the belt altogether and has had no frequency by dav or night up to date (October, 1959) . Case 13.-The belt was then tried on a girl of 19, who had never had a dry night and who had marked diurnal frequencv. Using the belt she immediatelv became dry at night, but before using perineal exercises or faradism, she immediately became wet as soon as the belt was discarded. In her case it has also been possible to discard the belt following a ten-day course of perineal exercises and faradism. She is most emphatic that all desire to pass urine leaves her when the balloon is inflated. A manometer has been attached to the balloon on several occasions and she can indicate accurately the point at which the desire to micturate leaves her. In each case, with her it is when the pressure in the balloon reaches 30 mm. Hg. Case 14.-A boy aged 15 was referred in 1956 with a diagnosis of spina bifida cystica, fxcal impaction and complete incontinence of urine. He had an operation scar over his lower lumbar and upper sacral spines. He wore a rubber receptacle into which the urine dripped. Investigation showed gross trabeculation of the bladder, wide bladder neck, and reflux occurring into both ureters which were grossly dilated in their whole extent. His bladder neck was tightened by a plastic operation and, following this, he was able to hold his urine for three hours by day but he was still incontinent by night. In June, 1959, he was fitted with a belt and since then he is completely controlled at night. He is still wet if he leaves off the belt at night in spite of several courses of faradism and exercises to the perineal region.
Case 15.-A man, aged 42, with spina bifida cystica, had nocturnal enuresis and gross precipitancy of micturition by dav, amounting sometimes to diurnal enuresis. This patient was able to control his nocturnal and diurnal enuresis by using the appliance, but has been unable to dispense with it in spite of faradism and exercises to the perineum.
Cases 16 to 24.-A group of six cases of disseminated sclerosis and three cases of spinal cord damage producing spastic paralysis and urinary incontinence were then investigated, using the appliance. The incontinence of all these patients took the pattern of gross precipitancy and frequency associated with a varving degree of cvstitis and a low bladder capacity. It is obvious that this type of patient represents a tremendous challenge to any form of treatnicnt, and that the criterion of usefulness of any treatment mnust be much lower than complete dryness and prolonged holding of urine.
Any method which can render such a patient a little more comfortable and ensure less frequency and urgency must b)e considered a worthwhile procedure. It was, therefore, encouraging that three patients within the group of nine were markedly improved. The first patient was referred from neurological wards of the Belfast-Citv Hospital; he had disseminated sclerosis, incontinence and a shallow bedsore 1" in diameter over his sacrum. The appliance was able to keep him dry *by diminishing the gross precipitancy, and the nocturnal frequency was changed from 4-5 to 1-2 with a similar improvement in the diurnal frequency. It is interesting that after ten days' treatment with the appliance his bedsore healed.
Another male patient showed rather similar improvement, but occasionally, even when the belt was applied, his precipitancy was such that incontinence occurred.
One female patient could be controlled very well by the appliance, but immediately on deflating the balloon the precipitancy occurred, and it has been impossible as yet to prevent the urine soiling the bed, though an attachment is being designed which may possibly get over this difficulty. Although the remaining six patients showed slight improvement it was not considered enough to record as a success for the perineal pressure. In this small series the indications are that the difficulty in controlling the incontinence depends on the degree of spasticity of the abdominal muscles, and it is considered that at an early stage it will be worthwhile subjecting a patient to a sub-costal nerve block to try the effect of this on the intra-abdominal pressure as indicated by the balloon in the perineum with the manometer attached. The problem of the low bladder capacity is not insoluble, as several patients have had this capacity raised to a significant degrec in seven to ten days (producing as much as four extra ounces capacity).
The final group tested with perineal pressures was the group of elderly uncooperative senile patients with or without hemiplegia. Over one hu.ndred of this type of patient with incontinence of urine are nursed in the Geriatric Unit at the Belfast City Hospital. They represent the most dreadful problem of all, as they are totally resistant to all attempts to help them by means or appliances or belts. Whereas the disseminated and spinal patients were exceptionally cooperative, these senile patients used all their strength to resist the treatment. It will always be more difficult to keep such patients dry than to allow them to be wet, and possibly very difficult to keep them even a little dryer than before. Even the task of finding out how often thev become wet proved to be a formidable one, and I am very grateful indeed to the Nursing Staff of the Geriatric Unit for undertaking this task. It is not possible to present the figures yet, but it appears that 5-7 times per day is a rough average with several patients wet more than twelve times per day, and all the patients wet several times per night.
Since the patients refused to wear any type of appliance which has been devised up to the moment, it was considered worthwhile to attempt to produce perineal pressures by sitting those patients who could be got out of bed on a special pad on the seat of the chair. There are obvious mechanical flaws in this method in that accurate pressure at the correct place is difficult to achieve, but even with this crude method several patients showed a very marked diminution in the number of times they were wet. One patient who was wet twelve times per day had one dry day and has gonc down to 4-5 times wet per day with no other treatment than sitting him on a soft moulded sponge rubber pad. Several other patients have been definitely improved, but many show no change at all. DiSCUSS ION. At this initial stage of the clinical and experiment work it is not possible to explain the reasons for all the findings or how they fit in with the established theories of the physiology of bladder control.
This present work appears to indicate that the smooth muscle in the region of the bladder outlet plays an important, but secondary part in bladder control, and that it is directed in its task by the striated muscles of the pelvic floor, which when they contract and elevate the bladder neck region tend to produce closure of the bladder outlet even in post-mortem bladders where the smooth muscle could not possibly contract actively. When the voluntary muscles are in a state of flaccid paralysis due to a lower motor neurone lesion the bladder outlet becomes widely dilated. It is not necessary to postulate a flaccid paralysis of the smooth muscle as the cause of this, as the lowering of the neck region produces a tendency to dilatation that could not be overcome by the smooth muscle contraction and it must dilate just as surely as it must dilate if there is persistent severe distal obstruction in the urethra where there can be no question of dysfunction of the muscle due to a nerve lesion.
It might safely be said that the bladder neck region with its smooth muscle and abundant elastic tissue is an extremely efficient machine which is worked by the voluntary muscles surrounding it. Occasionally the machine itself is misshapen and inefficient due to congenital abnormalities, but more frequently it becomes so because of abnormalities which affect the striated muscle in the first instance.
When the bladder outlet beconmes dilated and incompetent from any cause a constant desire to micturate is usually present, possibly due to afferent impulses initiated in the posterior urethra by the stimulus of the urine. One certain method of producing this dilatation and incompetence is by using a penile clamp as a method of trying to alleviate incontinence of urine. The urine must go as far as the position of the clamp and the bladder outlet must tend to become more and more dilated by the contained fluid. As has been seen earlier, this occurs in post-mortem bladders when the urethra is constricted during the flow.
No attempt has been made in this work to study the possible functions of the voluntarv external sphincter as distinict from the rest of the muscles of the pelvic floor. Similarlv the bulbo caverniosis and ischio cavernosis have not been the subject of any sttudy. It has been found by other workers that blocking the pudendal nerve with local anasthetic does not produce incontinence of urine, but that the bulbous urethra is not emptied properly under these conditions and dribbling occurs at the end of micturition as the urethra slowly drains the urine from the bulbous urethra which should normally be compressed by the bulbo cavernosis to express the last drops of the urine. The old name for the muscle, M. Ejaculator Urinx, was therefore highly descriptive.
It is apparent from dissections of the voluntary external sphincter that it is ideally formed and placed for closing the urethra, but whether it ever has to do this in normal people without the aid of the lifting force of some of the levator fibres might be questioned. The Though in its initial stage, this work has been presented in order that by using these artificial pressures we may relieve some of our patients, both young and old, who are at present living in great distress, and also that by experimenting with the pressures we may gain some knowledge of the mechanics of the bladder outlet in relation to certain operations that are performed in that region. At the nmoment, although the various "sling" and repair operations and operations for tightening the bladder neck produce some very good results, it is not quite certain what the curative manipulation has been, since each operation produces several structural changes, each of which may be the effective one. As well as this there are some failures which cannot be satisfactorilv explained on the basis of our present knowledge of the physiology and pathology of bladder control. It is thought that some of these failures may be relieved by appliances, and also .186 that it may increase our knowledge of the difficult subject of the physiology of bladder conitrol and its relation to the pathology of incontinence of urine.
SUMMARY.
Unfixed bladders from 350 post-mortems have been studied from a mechanical point of view in a special machine.
In these bladders it has been found that lifting the bladder neck region without squeezing it causes the outlet to close and the bladder to hold very high pressures without any leakage occurring.
In the living human subject upward pressure on the perineal and anal regions stops the flow of urine and when the flow is stopped by this method the bladder outlet closes.
It has been found possible to maintain this upward pressure on the perineum by an appliance and to bring relief to patients with certain types of incontinence of urine. I am extremely grateful to Professor Biggart for permission to examine the post-mortem bladders; to all those who performed the post-mortems for their very great kindness and skill in removing the bladders by a rather difficult dissection, and for allowing me to do so many dissections of the pelvic floor; to the physicians and surgeons of various hospitals who gave me the opportunity of seeing suitable patients; to Professor Pritchard, and all the staff of the Anatorny Department of Queen's University for criticism and practical help; and to a succession of resident pupils at the Belfast City Hospital for their invaluable assistance in making the appliances. REVIEW THE NUFFIELD FOUNDATION: REPORT FOR THE YEAR END I NG 31 ST MARCH, 1959. (Pp. xii+201). Oxford: The University Prcss, 1959. THE grant allocations made by the Nuffield Foundation in the year 1958-59 for the first time exceeded £1,000,000. Roughly a quarter of this was spent in the Commonwealth-mostly in Africa-and the rest was spent at home on scientific, medical and social projects, and on fellowships.
This is a useful review of work in many fields of science and medicine. The Foundation continues its major interest in fundamental research in biology. In medicine studies range from one by thirty general practitioners on the distribution of mental illness in the community to studies of 'slipped disk' as a result of ageing in cats, and in social research one grant is to help to provide coffee bars and dance floors for young people in the new towns. This is a record of wide ranging and imaginative stewardship.
